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(54) METAL POWDER AND ITS PRODUCTION 



(57)Abstract: 



PROBLEM TO BE SOLVED: To produce powder 
having a small diameter and high in tap density 
by prescribing the angle of a spraying water 
flow to a falling molten metal flow. 




SOLUTION: This powder is produced by the 
water spraying of molten metal, and the 
average grain size is regulated to <30um, and 
the relative tap density expressed by the ratio of 
true density to tap density lies in the range of 40 
to 90%. In this production, it is important that 
the angle 61 of the water flow to be jetted lies in 
the range of 10 to 30 degrees. In this way, while 
the advantages of the water spraying method 
capable of producing small-sized powder are 
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utilized, the powder having an approximately spherical shape whose production has 
been impossible without depending on gas spraying can be obtd. As a result, the powder 
having a small diameter and high in tap density can be obtd., which is suitable as the 
material for a sintered product. Moreover, its compactability and the shape retainability 
of the compacted part are good as well. 
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CLAIMS 



[Claim(s)] 

[Claim l] Metal powder in the range whose relative tap density expressed with the ratio 
of tap density to the mean particle diameter of 30 micrometers or less and true density 
it is the powder manufactured by the water spray of a metal molten metal, and is 40 - 
90%. 

[Claim 2] Metal powder of claim 1 which a metal contains Mn-0.00 1-2.0% in formation 
of a steel alloy in addition to the alloy element of an and also [ it is the need ], and is the 
steel not more than Si^O.03%. 

[Claim 3] a metal is ****** from Sendust, an Alnico alloy, PB permalloy, PC permalloy, 
and SUS316L the metal powder of claims 1 or 2 which are things. 

[Claim 4] The manufacture approach of the metal powder characterized by making the 
angle of current injected in manufacture of the powder by the water spray of a metal 
molten metal to the molten metal style flowing down into the range of 10-30 degrees. 
[Claim 5] The manufacture approach of the metal powder of claim 4 which contains 
Mn-0.001-2.0% in formation of a steel alloy as a metal in addition to the element of an 
and also [ it is the need ], and is carried out using the steel not more than Si-0.03%. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention offers the technique in which manufacture was 
made difficult and in which it is a minor diameter comparatively and what has a 
configuration close to a ball can moreover be obtained, by the conventional approach 
about manufacture of the metal powder by water atomization. 
[0002] 

[Description of the Prior Art] In manufacture of the metal powder by the molten metal 
atomizing process, when generally based on water atomization, it is easy for the 
grinding force of a molten metal style to build the powder of a minor diameter, since it is 
large compared with gas atomization. If it says with an average powder diameter, and it 
is water atomization, 30 micrometers or less will be easy and the thing of a minor 
diameter will amount to 60-70 micrometers in gas spraying to being made to about 10 
micrometers. About the configuration of each powder, gas spraying builds the powder of 
a configuration with an irregular water spray to giving almost globular form powder. 
[0003] The technique of following the procedure of remarkable MIM(metal injection 
mold) - sintering of progress in the field of powder metallurgy in recent years is 
advantageous when manufacturing the final product of a complicated configuration. 
Metal powder is wanted to fill up with the consistency with this most expensive possible 
injection-molded product. The qualities of injection-molding nature including the height 
of a filling factor are influenced by the configuration and dimension of metal powder. 
That is, it is a configuration near a ball and, moreover, the thing of a minor diameter is 
desirable. The same thing can say also about the technique by the procedure of 
compacting-sintering. In this case, as for extent in which it is required for that the 
firmness of powder-compacting mold goods should also be high, and metal powder is, it 
is desirable to have an irregular configuration. 



[0004] It is a configuration near a ball, and the powder which the metal powder of a 
minor diameter was not obtained by the conventional water atomization, but 
manufactured by gas atomization is classified, and the approach considered first collects 
the things of a minor diameter. However, by this approach, since the yield is low, metal 
powder will become expensive naturally. 

[0005] As an exception method, the powder of the minor diameter which manufactured 
by water atomization is processed with a jet mill, and there is the technique of removing 
a powdered irregular projection. When this also requires cost, in order that activation 
on the front face of powder may take place by processing and oxidation may progress, it 
is a fault that the oxygen content of water spray powder even with free [ high ] increases 
increasingly. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention conquers the 
above-mentioned problem in manufacture of the metal powder by the molten metal 
atomizing process, it is a minor diameter, and when a configuration moreover uses it for 
a ball at near and a metal injection mold, it is to offer suitable metal powder especially. 
Offering the manufacture approach of such metal powder is also included in the purpose 
of this invention. 
[0007] 

[Means for Solving the Problem] The metal powder of this invention is powder 
manufactured by the water spray of a metal molten metal, and is 30 micrometers or less 
of average radial balls, and the metal powder in the range whose relative tap density 
expressed with the ratio of tap density to true density is 40 - 90%. 

[0008] The approach of this invention for manufacturing the above-mentioned metal 
powder is characterized by making the angle of current injected to the molten metal 
style flowing down into the range of 10-30 degrees in manufacture of the powder by the 
water spray of a metal molten metal. 

[0009] Tilt angle theta 0 of the spraying stream over a molten metal style which is seen 
to drawing 1 in manufacture of the metal powder by the conventional water atomization 
It was in the range of 35 degrees - 50 degrees about. When this generally considers the 
crushing energy effectiveness of the molten metal by the stream, The place where the 
include angle nearer to 90 degrees has higher effectiveness, at the include angle 
exceeding 50 degrees, component of a force upward at a colliding point arises, and a 
molten metal style is pressured upwards. There is an upper limit of 50 degrees from the 
problem that spraying is not performed appropriately, and energy efficiency is depended 
on 35 degrees having been adopted in general as a minim um from a viewpoint of 



making it high, in the range which this problem does not produce. 

[00 10] When this invention person broke such common sense and water was sprayed at 
the small include angle of thetal =10 degree-30 degree, it found out that powder with 
1.5 or less overwhelming thing could do it, maintaining if the advantage of the water 
atomization that the powder of a minor diameter is obtained says a powdered 
configuration by the ratio of the thing near a ball, and a major-axis minor axis. 
[00 11] A fine molten metal drop arises by the water spray, as this device, while it has not 
received not much big deformation according to the difference of the spraying direction, 
it is cooled, and it is possible to solidify. If whenever [ tilt-angle / of a spraying stream / 
large (it is near to 30 degrees) ] is taken, the metal powder obtained will become a thing 
near the conventional water spray powder, and the description of ******** and this 
invention will be demonstrated by altitude small Gt is near to 10 degrees). 
Implementation with a real unit is difficult for a tilt angle smaller than 10 degrees. 
[0012] Since the energy efficiency of spraying water is naturally lower than a 
conventional method when based on this invention, it must be large capacity from what 
needs to use a lot of water and also twists the facility for the cooling and circulation on 
the conventional technique. However, the advantage that a minor diameter and 
spherical powder are obtained compensates this, and there is not much. 
[0013] 

[Embodiment of the Invention] Although it is applicable to the metal of the arbitration 
used carrying out disintegration by the molten metal atomizing process, this invention 
is useful when it applies to manufacture of the metal powder produced commercially 
especially with MIM shaping. If an example is given, there is a magnetic alloy like 
Sendust, an Alnico alloy, PB permalloy, and PC permalloy. Stainless steel like SUS316L 
is also leading as an object of application of this invention. 

[0014] When applying this invention to steel, as for the steel, it is desirable that it is 
what contains 0.001 - 2.0% of Mn in formation of a steel alloy in addition to the alloy 
element of an and also [ it is the need ]. The reason is in the behavior of the oxide coat at 
the time of the drop of a molten metal congealing. Mn is made to exist like this 
invention, Mn oxide which produced especially the percentage by ****** and oxidation 
of Mn more highly generates the mineral of hypoviscosity, and the degree to which a 
surface oxide coat bars balling-up of molten metal becomes low. 

[0015] As for S in the steel which applies this invention, it is desirable that it is 0.03% or 
less of low content, when the metal especially used as powder is a magnetic metal and is 
that of which low coercive force is required as elasticity magnetism material, it comes 
out so. If it says in the example of PC permalloy, the coercive force in the case of 0.06% 



of S contents will attain to 4-50e, but if it becomes 0.02%, it will be 30e extent. 
[0016] 

[Example] Water spray equipment in ordinary use is converted, and it enabled it to 
change whenever [ spray angle / of spraying water ] to 10 degrees, 20 degrees, 30 
degrees, and 50 degrees to a molten metal style, although the pressure of a spraying 
water nozzle is as fixed as 500kg/cm2 — supply - amount of water is made to be set to 
8101. / min of the time max, and 5401. / min of the time min whenever [ tilt-angle ], and 
the spraying water of an amount linearly changed according to the include angle was 
supplied at the time of whenever [ middle tilt-angle ]. [ degrees / 10 ] [ degrees / 50 ] 
[0017] PC permalloy and SUS316L stainless steel with the following alloy presentation 
(% of the weight, remainder Fe) are dissolved. Alloy C Si Mn nickel Cr Mo P S Cu O N 
PC . 002 .95 .01 78.16 - 1.04 .005 .005 . 02 .20 .002 316L .02 .53 .38 13.01 17.17 
2.57 .015 .015 .02.23 Disintegration was carried out with the equipment of .010 above. 
About the powder obtained by whenever [ each tilt-angle ], it is JPMA. Tap density was 
measured according to the approach of setting to P08, and the result shown in drawing 
2 was obtained. 

[0018] Each microphotography (scale factor 1600) is shown in drawing 3 and drawing 4 
among the powder of SUS316L about the thing of 50 degrees of things with a tilt angle 
[ of a spraying stream ] of 10 degrees. 

[0019] When following this invention so that it may see in the graph of drawing 2 , the 
metal powder in which high tap density is conventionally shown compared with 
elegance is obtained. Probably the reason has the metal powder of this invention in 
their being a minor diameter and a spherical thing compared with the conventional 
water spray powder, and it will be clear from the comparison of the configuration of the 
metal powder shown in drawing 3 and drawing 4 . 
[0020] 

[Effect of the Invention] It became possible to manufacture the almost globular form 
powder it was presupposed that could not be manufactured on the other hand in 
manufacture of the metal powder by the molten metal atomizing process by this 
invention taking advantage of the advantage of the water atomization that 
manufacture of the powder of a minor diameter is possible if not based on gas spraying 
by water atomization. Consequently, metal powder with small mean particle diameter 
and high tap density can be offered now. 

[0021] Such metal powder is suitable as an ingredient of the sintered product using the 
MTM method. Therefore, much more development of the MIM method can be aimed at 
by this invention. Moreover, since a powder-compacting moldability thru/or the 



firmness of a powder- molding article are also good, the metal powder of this invention is 
useful also to manufacture of the product by press -forming- sintering in ordinary use. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The conceptual diagram having shown the powder manufacturing method 
of this invention as compared with the conventional method. 

[Drawing 2] The graph which is data of the example of this invention and shows the 
relation of the tilt angle of a spraying stream and the tap density of SUS316L powder to 
a molten metal style. 

[Drawing 31 The microphotography in which the configuration of the SUS316L powder 
manufactured according to this invention and a dimension are shown (scale factor 1600). 
[Drawing 4l The microphotography in which the configuration of the SUS316L powder 
manufactured by the conventional water atomization and a dimension are shown (scale 
factor 1600). 
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